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@ A dispersion compensating fiber has a negative 
chromatic dispersion slope and a value of chromatic 
dispersion suitable for practical application, and a 
bending loss thereof with a bending diameter of 40 
mm is smaller than 0.01 dB/m at 1.55 um. A diam- 
eter of a core (3) is larger than 3 um but smaller 
than 4 um. A ratio (Da/Db) of the diameter of the 
core (3) to an outer diameter of a first cladding (1) is 
between 0.4 and 0.6 both inclusive. A relative refrac- 
tive index difference of the core (3) to a second 
cladding (2). (nc - n2)/n2. is larger than 0.02 but 
smaller than 0.03. A relative refractive index dif- 
ference of the first cladding (1) to the second clad- 
ding (2). (n2 - nl)/n2, is larger than 0.004 but smaller 
than 0.01. This dispersion compensating optical fiber 
has a sufficient negative chromatic dispersion slope 
at wavelengths (1.55 um to 1.65 um both inclusive) 
around 1 .55 um and a bending loss thereof at the 
wavelength of 1 .55 um with the bending diameter of 
40 mm is smaller than 0.01 dS/m. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an optical 
transmission systenn including a dispersion com- 
pensating optical fiber. 

Related Background Art 

A dispersion compensating optical fiber is 
known as a fiber for compensating for chromatic 
dispersion of signal light. The dispersion compen- 
sating optical fiber is described for example in 
Japanese Laid-open Patent Application No. 6- 
222235- 

SUMMARY OF THE INVENTION 

When signal light with wavelengths in the 1.55 
urn band is transmitted through a system for trans- 
mitting signal light with wavelengths in the 1,3 um 
band, the signal light with wavelengths in the 1 .55 
um is dispersed in propagation speed against the 
wavelengths. The dispersion compensating optical 
fiber (DGF) was proposed as a fiber for compensat- 
ing for this chromatic dispersion. 

In the transmission system using the disper- 
sion compensating fiber, the overall chromatic dis- 
persion of the transmission system as a whole is 
preferred to be as close to zero as possible around 
the wavelength 1.55 um. Then, a chromatic disper- 
sion slope of the dispersion compensating fiber is 
preferably to be negative around the wavelength 
1.55 um and in addition, is preferably to be equal 
in magnitude to a chromatic dispersion slope at 
1.55 um of the 1.3 um band zero-dispersion fiber. 

Heretofore, there was no dispersion compen- 
sating optical fiber that had a negative chromatic 
dispersion slope, that had a chromatic dispersion 
value suitable for practical application, and that had 
a bending loss to a bending diameter of 40 mm 
being smaller than 0.01 dS/m. Thus, when the 
dispersion compensating fiber was spooled on a 
small bobbin, this fiber was not able to be used in 
the optical transmission system. A dispersion com- 
pensating optical fiber according to the present 
invention is lowered in the bending loss thereof, 
whereby satisfactory chromatic dispersion can be 
effected as the fiber is set on the compact bobbin. 

In order to lower the bending loss, a greater 
refractive index difference is preferred between a 
core and a cladding. However, doping the core with 
a high concentration of Ge02 increases scattering 
losses caused by defects related to Ge, thereby 
increasing the transmission loss. 

The dispersion compensating fiber of the 
present invention has a lower bending loss than 



those of conventional dispersion compensating fi- 
bers, and a negative chromatic dispersion slope In 
detail, a bending loss Lbend of the dispersion com- 
pensating fiber at the wavelength 1 .55 um with the 

5 bending diameter 2R being 40 mm is practically to 
be not more than 0.01 dB/m. and a bending loss 
i-bend oi the dispersion compensating fiber at the 
wavelength 1.55 um with the bending diameter 2R 
being 80 mm is to be not more than 0.000001 

10 dB/m. Further, a bending loss Lbend of the disper- 
sion compensating fiber at the wavelength 1.55 um 
with the bending diameter 2R being 20 mm is to 
be not more than 1 dB/m. 

The dispersion compensating fiber of the 

15 present invention is directed to a dispersion com- 
pensating fiber comprising a core, a first cladding 
surrounding the core, a second cladding surround- 
ing the first cladding, and a resin coat surrounding 
the second cladding. The . refractive index of the 

20 second cladding is lower than that of the core but 
higher than that of the first cladding. When the 
refractive index of the core is nc, that of the first 
cladding n1, and that of the second cladding n2, 
the following relationship holds between the refrac- 

25 tive indices; that is. n1 < n2 < nc. 

This dispersion compensating fiber is a "dou- 
ble-cladding" fiber. The double-cladding fiber has 
only one interface between two claddings. Because 
of this singularity of interface, the double-cladding 

30 fiber is superior to a triple-cladding fiber with two 
interfaces in respect of the transmission loss due to 
presence of interface. 

A core diameter (2Da) is greater than 3 um but 
smaller than 4 um. A ratio (Da/Db) of the core 

35 diameter (2Da) to an outer diameter of the first 
cladding (2Db) is between 0.4 and 0.6. A relative 
refractive index difference of the core to the sec- 
ond cladding, (nc - n2)/n2. is larger than 0.02 but 
smaller than 0.03. A relative refractive index dif- 

40 ference of the first cladding to the second cladding, 
(n2 - n1)/n2, is larger than 0.004 but smaller than 
0.01. This dispersion compensating optical fiber 
has a sufficiently negative chromatic dispersion 
slope at wavelengths (above 1.55 um and below 

45 1.65 um both inclusive) around 1.55 um, and with 
the bending diameter being 40 mm, the bending 
loss thereof at the wavelength 1.55 um is smaller 
than 0.01 dB/m. Accordingly, the dispersion com- 
pensating fiber of the present invention assures 

50 sufficient dispersion compensation in spite of the 
compact configuration. 

In other words, the present optical transmission 
system comprises a light source; a single-mode 
optical fiber having zero dispersion at a predeter- 

55 mined wavelength (1310 nm) between 1290 nm 
and 1330 nm. which is connected to the light 
source; an erbium-doped fiber connected to the 
single-mode optical fiber; a bobbin having a diam- 
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eter between 40 mm and 80 mm both inclusive; 
and a dispersion compensating fiber connected to 
the erbium-doped fiber and wound around the bob- 
bin, in which a bending loss when wound around 
the bobbin is smaller than 0.01 dB/m at the 
wavelength 1,55 um, which has a core, a first 
cladding surrounding the core, and a second clad- 
ding surrounding the first cladding, and which satis- 
fies the following relations: 

n1 < n2 < nc, 
3 um < 2Da < 4 um, 
0.4 < (Da/Db) < 0.6. 
0.02 < (nc - n2)/n2 < 0.03, 
0.004 < (n2 - n1)/n2 < 0.01. 

where 

nc is a refractive index of the core, 

n1 is a refractive index of the first cladding, 

n2 is a refractive index of the second cladding, 

Da is a diameter of the core, and 

Db is an outer diameter of the first cladding. 

The present invention will become more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings which 
are given by way of illustration only, and thus are 
not to be considered as limiting the present inven- 
tion. 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter. However, it should be 
understood that the detailed description and spe- 
cific examples, while indicating preferred embodi- 
ments of the invention, are given by way of illustra- 
tion only, since various changes and modifications 
within the spirit and scope of the invention will 
become apparent to those skilled in the art from 
this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. lA is a cross section of a dispersion com- 
pensating optical fiber, and Fig. IB a refractive 
index profile along the line A-A, of the fiber 
shown in Fig. 1A; 

Fig. 2A shows a relation between the core diam- 
eter and the chromatic dispersion; 
Fig. 2B shows a relation between the core diam- 
eter and the chromatic dispersion slope; 
Fig. 3A shows a relation between the core diam- 
eter and the chromatic dispersion; 
Fig. 3B shows a relation between the core diam- 
eter and the chromatic dispersion slope: 
Fig. 4A shows a relation between the core diam- 
eter and the chromatic dispersion; 
Fig. 4B shows a relation between the core diam- 
eter and the chromatic dispersion slope: 



Fig. 5A shows a relation between the core diam- 
eter and the chromatic dispersion; 
Fig. 5B shows a relation between the core diam- 
eter and the chromatic dispersion slope; 
5 Fig. 6 shows a refractive index profile in fiber; 

Figs. 7A and 7B are drawings to illustrate a 
process for producing the fiber shown in Fig. 
1A; 

Fig. 8 is a drawing to illustrate a method for 
70 drawing a fiber preform; 

Fig. 9A is a cross section of the dispersion 
compensating fiber shown in Fig. 8, cut along X- 
X; 

Fig. 9B shows a dispersion compensating fiber 
15 without a carbon coat; 

Fig. 10 shows a system using the dispersion 
compensating fiber; 

Fig. 11A shows a relation between the core 
diameter and the chromatic dispersion; 

20 Fig. 11B shows a relation between the core 
diameter and the chromatic dispersion slope; 
Fig. 12A shows a relation between the core 
diameter and the chromatic dispersion; 
Fig. 12B shows a relation between the core 

25 diameter and the chromatic dispersion slope; 

Fig. 13A shows a relation between the core 
diameter and the chromatic dispersion; 
Fig. 13B shows a relation between the core 
diameter and the chromatic dispersion slope; 

30 Fig. 14A shows a relation between the core 

diameter and the chromatic dispersion; and 
Fig. 14B shows a relation between the core 
diameter and the chromatic dispersion slope. 

35 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The process for producing the dispersion com- 
pensating optical fiber according to the present 
40 invention is described. First described using Figs. 
7A and 7B is a process for producing a fiber 
preform. 

First, a cylindrical rod for core 13 and a cylin- 
drical rod for first cladding 1 1 are fabricated by the 

45 VAD method. The core rod 13 is silica glass doped 
with Ge02- A doping amount of Ge02 is adjusted 
so that the refractive index decreases in proportion 
to the second power to the fifth power of distance 
toward the periphery from the center. The refrac- 

50 tive index in the core rod 13 may be arranged to 
decrease stepwise with an increase of distance 
away, from the center. The first cladding rod 1 1 is 
silica glass uniformly doped with fluorine. 

The first cladding rod 1 1 is perforated to form 

55 a hole llh for inserting the core rod 13 thereinto. 
Then the core rod 13 is inserted into the hole 1 1h. 

Next, a cylindrical rod for second cladding 12 
is fabricated by the VAD method. The second 
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cladding rod 12 is pure silica glass. The second 
cladding rod 12 is perforated to form a hole I2h for 
inserting the first cladding rod 1 1 thereinto. Then 
the first cladding rod 11 with the core rod 13 
therein is inserted into the hole 12h, and the com- 
bination is heated to complete a preform PF. 

This preform PF is drawn using the apparatus 
shown in Fig. 8 to produce a fiber FB. One end of 
the preform PF is heated by a heater HTI, so that 
the one end is fused. The fused one end of 
preform PF is cooled to yield an optical fiber. The 
optical fiber is wound around a take-up reel (bob- 
bin) WUR1 via a pulley PLI. A glass fiber drawn 
from the preform PF is coated with a carbon film 4 
by a carbon coat apparatus CB1. The carbon film 4 
is coated with a jacket material (resin film) 5. The 
optical fiber shown in Fig. 9A is the optical fiber FB 
rolled around the take-up reel WUR1 in Fig. 8. The 
refractive index of the resin film 5 is higher than 
that of the second cladding. 

The optical fiber shown in Fig. 9A is next 
described. This dispersion compensating fiber is a 
"double-cladding" fiber. This dispersion compen- 
sating optical fiber is provided with the core 3, the 
first cladding 1 surrounding the core 3, the second 
cladding 2 surrounding the first cladding 1, the 
carbon coating 4, and the resin coat 5 surrounding 
the second cladding 2. Further. Fig. 9B shows 
another dispersion compensating optical fiber with- 
out the carbon film 4. The dispersion compensating 
fiber shown in Fig. 1A is the dispersion compensat- 
ing optical fiber shown in Fig. 9B. Fig. IB and Fig. 
6 show a refractive index profile in this optical fiber. 

The refractive index of the second cladding 2 
is lower than that of the core but higher than that of 
the first cladding. When the refractive index of the 
core 3 is nc, that of the first cladding 1 n1, and that 
of the second cladding 2 n2. the following relation 
holds between these refractive indices. That is. n1 
< n2 < nc. The refractive index n5 of the resin 5 is 
higher than that of the second cladding 2 and 
higher than that of the core 3. 

The diameter (2Da) of the core 3 is larger than 
3 um but smaller than 4 urn. The ratio (Da/Db) of 
the diameter (2Da) of the core 3 to the outer 
diameter (2Db) of the first cladding 1 is between 
0.4 and 0.6. A relative refractive index difference of 
the core 3 to the second cladding 2, = (nc - 
n2)/n2. is larger than 0.02 but smaller than 0.03. A 
relative refractive index difference of the first clad- 
ding 1 to the second cladding 2. A~ = (n2 - n1)- 
/n2, is larger than 0.004 but smaller than 0.01. 
Further, the bending loss Lbend this fiber at the 
wavelength 1 .55 um with the bending diameter 2R 
(where R is a radius of curvature of dispersion 
compensating fiber) being lower than 40 mm is 
below 0.01 dS/m. The outer diameter (2Dc) of the 
second cladding 2 is 125 um. The diameter (2Da) 



of the core 3 in the dispersion compensating fiber 
is between 2.4 % and 3.2 % both inclusive of 2Dc. 
This is smaller than the core diameter of conven- 
tional single-mode fiber (10 % of 2Dc). 
5 In summary, the dispersion compensating fiber 

of the present embodiment has the following rela- 
tions: 

n1 < n2 < nc < nS, 
10 3 um < 2Da < 4 um, 

0.4 < (Da/Db) < 0.6. 
0.02 < = (nc - n2)/n2 < 0.03, 
0.004 < A" = (n2 - n1)/n2 < 0.01 . 
40 mm S 2R ^ 80 mm, 
75 Lbend < 0.01 dB/m (2R = 40 mm), 

Lbend < 0.000001 dB/m (2R = 80 mm). 



Now, the characteristics of the dispersion com- 
20 pensating optical fiber according to the present 
embodiment are described. Fig; 10 shows an op- 
tical transmission system using the above disper- 
sion compensating fiber. This system is provided 
with a light source 100. a transmission link 101 for 
25 connecting the light source to a fiber amplifier 102, 
a dispersion compensating fiber 103 connected to 
the erbium-doped fiber 102 and wound around a 
bobbin 106. a band-pass filter 104 connected to 
the dispersion compensating fiber 103, and a de- 
30 tector 105 connected to the band-pass filter 104, 
The transmission link 101 is a single-mode optical 
fiber 101 having zero dispersion at a predeter- 
mined wavelength between 1290 nm and 1330 nm, 
for example at 1310 nm. The radius of curvature R 
35 of the dispersion compensating fiber 103 thus 
wound is between 20 mm and 40 mm both inclu- 
sive. Accordingly, the bending diameter 2R is be- 
tween 40 mm and 80 mm both inclusive. The 
elements other than the dispersion compensating 
40 fiber in this system are described in European 
Laid-open Patent Application No. 055471 4A1. 

Fig. 2A to Fig. 5B show relationships between 
the diameter 2Da of the core 3 of the above 
dispersion compensating optical fiber and the char- 
ts acteristics of the fiber. 

Fig. 2A shows a relation between the diameter 
2Da of the core 3 and the chromatic dispersion 
(ps/nm/km) with a parameter of the ratio (Da/Db) of 
the diameter 2Da of the core 3 to the outer diam- 
50 eter 2Db of the first cladding 1. Fig. 2B shows a 
relation between the diameter 2Da of the core 3 
and the chromatic dispersion slope (ps/km/nm^) 
with the parameter of the ratio (Da/Db) of the 
diameter 2Da of the core 3 to the outer diameter 
55 2Db of the first cladding 1 . Here, the relative index 
difference A^ of the core 3 is 3.0 %, while the 
relative index difference A" of the first cladding 1 
is 0.4 %. 
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Practically, the chromatic dispersion of disper- 
sion compensating fiber is desired to be not more 
than -70 ps/nm/km. and more preferably, not more 
than - 90 ps/nm/km. Also, the chromatic dispersion 
slope (ps/km/nm^) is defined as a slope of 
wavelength characteristic of dispersion of signal 
light passing in the dispersion compensating fiber. 
This chromatic dispersion slope is preferably to be 
negative. In order to fabricate a compact optical 
element, it is necessary for the dispersion com- 
pensating fiber to be wound around a bobbin or the 
like. Thus, the bending loss Lbend of the dispersion 
compensating fiber at the wavelength 1.55 um with 
the bending diameter 2R of dispersion compensat- 
ing fiber being 40 mm is practically not more than 
0.01 dB/m. and the bending loss Lbend of the dis- 
persion compensating fiber at the wavelength 1 .55 
um with the bending diameter 2R being 80 mm is 
preferably to be not more than 0.000001 dB/m. 
Further, the bending loss Lt>end of the dispersion 
compensating fiber at the wavelength 1 .55 um with 
the bending diameter 2R being 20 mm is prefer- 
ably to be not more than 1 dB/m. 

As apparent from Fig. 2B, the dispersion slope 
takes values between -0.1 and -0.01 (ps/km/nm^). if 
the diameter 2Da of the core 3 is larger than 3 um 
and smaller than 4 um and if the ratio (Da/Db) is 
between 0.4 and 0.6 both inclusive. Thus. the dis- 
persion slope in this range takes negative values. 

In this range, the chromatic dispersion is small- 
er than -20 (ps/nm/km) and larger than -85 
(ps/nm/km). 

Accordingly, if the diameter 2Da of the core 3 
is larger than 3 um but smaller than 4 um, if the 
ratio (Da/Db) is between 0.4 and 0.6 both inclusive, 
if the relative index difference A"^ of the core 3 is 
3.0 %. and if the relative index difference A~ of the 
first cladding 1 is 0.4 %, at least one dispersion 
compensating fiber can be fabricated with a chro- 
matic dispersion of not more than -70 ps/nm/km 
and with a negative dispersion slope (ps/km/nm^). 
When the bending diameter 2R of the dispersion 
compensating fiber is 40 mm. the bending loss 
Lbend of the dispersion compensating fiber at the 
wavelength 1.55 um is not more than 0.01 dB/m. 
and the bending loss Lbend of the dispersion com- 
pensating fiber at the wavelength 1 .55 um with the 
bending diameter 2R being 80 mm is not more 
than 0.000001 dB/m. 

When the ratio (Da/Db) is 0. that is. when the 
dispersion compensating fiber excludes the first 
cladding 1. the slope is always positive. Thus, 
dispersion compensating fibers without the first 
cladding 1 are not effective to compensate for the 
chromatic dispersion in a wide wavelength region. 

As a comjDarative example. Fig. 11 A and Fig. 
11B show relations of the chromatic dispersion and 
dispersion slope, respectively, to the diameter 2Da 



of the core 3 with the ratio (Da/Db) being 0.3 and 
0.7. Here, the relative index difference A* of the 
core 3 is 3.0 % and the relative index difference 
A~ of the first cladding 1 is 0.4 %. 

5 As apparent from Fig. 1 1 B. if the diameter 2Da 

of the core 3 is larger than 3 um but smaller than 4 
um and if the ratio (Da/Db) is 0.3. the dispersion 
slope is positive and this dispersion compensating 
fiber cannot demonstrate sufficient dispersion com- 

10 pensation. 

If the diameter 2Da of the core 3 is larger than 
3.4 um and if the ratio (Da/Db) is 0.7, the disper- 
sion slope takes positive values, so that sufficient 
dispersion compensation cannot be expected. 

15 If the diameter 2Da of the core 3 is smaller 

than 3.4 um but larger than 2.8 um and if the ratio 
(Da'Db) is 0.7, the dispersion slope takes negative 
values. The chromatic dispersion in this case, how- 
ever, is larger than -70 (ps/nm/km). thus failing to 

20 achieve sufficient dispersion values. 

In addition, these fibers show that when the 
diameter 2Da of core is not more than 2.2 um, the 
bending losses Lbend of the fibers at the wavelength 
1 .55 um with the bending diameter 2R (where R is 

25 a radius of curvature of dispersion compensating 
fiber) being between 40 mm and 80 mm both 
inclusive are greater than 0.01 dB/m. and therefore, 
a compact optical element using a dispersion com- 
pensating fiber cannot be fabricated from the dis- 

30 persion compensating fibers. 

Fig. 3A shows a relation between the diameter 
2Da of the core 3 and the chromatic dispersion 
(ps/nm/km) with the parameter of the ratio (Da/Db) 
of the diameter 2Da of the core 3 to the outer 

35 diameter 2Db of the first cladding 1. Fig. 38 shows 
a relation between the diameter 2Da of the core 3 
and the dispersion slope (ps/km/nm^) with the pa- 
rameter of the ratio (Da/Db) of the diameter 2Da of 
the core 3 to the outer diameter 2Db of the first 

40 cladding 1 . Here, the relative index difference A"^ of 
the core 3 is 3.0 %. while the relative index dif- 
ference A~ of the first cladding 1 is 1 .0 %. 

As apparent from Fig. 3B. if the outer diameter 
2Da of the core 3 is larger than 3 um but smaller 

45 than 4 um and if the ratio (Da/Db) is between 0.4 
and 0.6 both inclusive, most (60 or more %) values 
of the dispersion slope are negative and the chro- 
matic dispersion is smaller than -20 (ps/nm/'km) 
and larger than -85 (ps/nm/km). 

50 Thus, if the diameter 2Da of the core 3 is 

larger than 3 um but smaller than 4 um. if the ratio 
(Da/Db) is between 0.4 and 0.6 both inclusive, if 
the relative index difference A^ of the core 3 is 3.0 
%. and if the relative index difference A~ of the 

55 first cladding 1 is 1.0 %, at least one dispersion 
compensating fiber can be fabricated with a chro- 
matic dispersion of not more than -70 (ps/nm/km) 
and with a negative dispersion slope (ps/km/nm^). 
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The bending loss L^end o1 the dispersion com- 
pensating fiber at the wavelength 1.55 um with the 
bending diameter 2R of the dispersion compensat- 
ing fiber being 40 mm is not more than 0.01 dB/m, 
and the bending loss Lbend of the dispersion com- 
pensating fiber at the wavelength 1.55 um with the 
bending diameter 2R being 80 mm is not more 
than 0.000001 dB/m. 

In summary, the dispersion compensating fiber 
shows that the bending loss Lbend of the fiber at the 
wavelength 1 .55 um with the bending diameter 2R 
(where R is a radius of curvature of dispersion 
compensating fiber) being between 40 mm and 80 
mm both inclusive is less than 0.01 dB/m. and 
therefore, by bending the dispersion compensating 
fiber, a compact element using the dispersion com- 
pensating fiber can be fabricated. 

When the ratio (Da/Db) is 0. that is, when the 
dispersion compensating fiber excludes the first 
cladding 1, the slope always takes positive values, 
so that dispersion compensating fibers without the 
first cladding 1 would fail to compensate for the 
chromatic dispersion in a wide wavelength region. 

As a comparative example, Fig. 12A and Fig. 
12B show relations of the chromatic dispersion and 
dispersion slope, respectively, at the wavelength 
1 .55 um to the diameter 2Da of the core 3 with the 
ratio (Da/Db) being 0.3 and 0.7. Here, the relative 
index difference A* of the core 3 is 3.0 %, and the 
relative index difference A~ of the first cladding 1 
is 1.0 %. 

As apparent from Fig. 12B, if the diameter 2Da 
of the core 3 is larger than 3.2 um but smaller than 
4 um and if the ratio (Da/Db) is 0.3, the dispersion 
slope takes positive values and therefore, disper- 
sion compensating fibers therein would fail to dem- 
onstrate sufficient dispersion compensation. If the 
diameter 2Da of the core 3 is smaller than 3.0 um 
but larger than 2.6 um and if the ratio (Da/Db) is 
0.3, the dispersion slope takes negative values but 
the chromatic dispersion is larger than -70 
(ps/km/nm). Thus, dispersion compensating fibers 
therein would fail to show sufficient dispersion 
compensation. If the diameter 2Da of the core 3 is 
not more than 2.6 um and if the ratio (Da/Db) is 
0.3, the dispersion slope takes negative values and 
the chromatic dispersion is -70 (ps/'km/nm). How- 
ever, the bending loss of light at the wavelength 
1 .55 um with the bending diameter of 20 mm is 
not less than 1 dB/m. Thus, dispersion compensat- 
ing fibers therein are not suitable for practical ap- 
plication. 

If the diameter 2Da of the core 3 is smaller 
than 3.8 um but larger than 3.0 um and if the ratio 
(Da/Db) is 0.7, the dispersion slope takes negative 
values. However, the chromatic dispersion in this 
case is larger than -70 (ps/km/nm), and therefore, 
dispersion compensating fibers therein cannot 



demonstrate sufficient dispersion compensation. 
Further, if the diameter 2Da of the core 3 is not 
more than 3.0 um but larger than 2.8 um and if the 
ratio (Da/Db) is 0.7, the dispersion slope takes 

5 negative values. The chromatic dispersion in this 
case is smaller than -70 (ps/km/nm). 

If the diameter 2Da of the core 3 is not more 
than 2.6 um and if the ratio (Da/Db) is 0.7, the 
dispersion slope takes positive values and thus, 

70 dispersion compensating fibers therein cannot 
demonstrate sufficient dispersion compensation. 

Fig. 4A shows a relation between the diameter 
2Da of the core 3 and the chromatic dispersion 
(ps/nm/km) with the parameter of the ratio (Da/Db) 

;5 of the diameter 2Da of the core 3 to the outer 
diameter 2Db of the first cladding 1. Fig. 4B shows 
a relation between the diameter 2Da of the core 3 
and the dispersion slope (ps/km/nm^) with the pa- 
rameter of the ratio (Da/Db) of the diameter 2Da of 

20 the core 3 to the outer diameter 2Db of the first 
cladding 1 . Here, the relative index difference of 
the core 3 is 2.0 % and the relative index dif- 
ference A~ of the first cladding 1 is 0.4 %. 

As apparent from Fig. 4B, if the diameter 2Da 

25 of the core 3 is larger than 3 um but smaller than 4 
um and if the ratio (Da/Db) is between 0,4 and 0.6 
both inclusive, the dispersion slope of most disper- 
sion compensating fibers take negative values and 
the chromatic dispersion thereof is smaller than -25 

30 (ps/nm/km) but larger than -1 10 (ps/nm/km). 

Accordingly, if the diameter 2Da of the core 3 
is larger than 3 um but smaller than 4 um, if the 
ratio (Da/Db) is between 0.4 and 0.6 both inclusive, 
if the relative index difference A"^ of the core 3 is 

35 2.0 %. and if the relative index difference A~ of the 
first cladding 1 is 0.4 %, at least one dispersion 
compensating fiber can be produced with a chro- 
matic dispersion of not more than -70 (ps/nm/km) 
and a negative dispersion slope (ps/km/nm^). 

40 When the dispersion compensating fiber has 

the bending diameter 2R of 40 mm, the bending 
loss Lbend of the dispersion compensating fiber at 
the wavelength 1.55 um is not more than 0.01 
dB/m. and when the bending diameter 2R is 80 

45 mm, the bending loss Lbend of the dispersion com- 
pensating fiber at the wavelength 1.55 um is not 
more than 0.000001 dB/m. 

In summary, the dispersion compensating fiber 
has the bending loss Lbend of fiber smaller than 

50 0.01 dB/m at the wavelength 1.55 um with the 
bending diameter 2R (where R is a radius of cur- 
vature of dispersion compensating fiber) being be- 
tween 40 mm and 80 mm both inclusive, thus by 
bending the dispersion compensating fiber, a com- 

55 pact element can be produced using the dispersion 
compensating fiber. 

When the ratio (Da/Db) is 0. that is. when the 
dispersion compensating fiber excludes the first 
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cladding 1. the slope always takes positive values. 
Thus, dispersion compensating fibers without the 
first cladding 1 cannot compensate for the chro- 
matic dispersion in a wide wavelength region. 

As a comparative example. Fig. 13A and Fig. 
13B show relations of the chromatic dispersion and 
dispersion slope, respectively, to the diameter 2Da 
of the core 3 with the ratio (Da/Db) being 0.3 and 
0.7. Here, the relative index difference of the 
core 3 is 2,0 %. while the relative index difference 
A~ of the first cladding 1 is 0.4 %. 

As apparent from Fig. 13B, if the diameter 2Da 
of the core 3 is larger than 3.6 um but smaller than 
4 um and if the ratio (Da/Db) is 0,3. the dispersion 
slope takes positive values and therefore, disper- 
sion compensating fibers therein would fail to effect 
sufficient dispersion compensation. If the diameter 
2Da of the core 3 is smaller than 3.4 um but larger 
than 2.8 um and if the ratio (Da/Db) is 0.3. the 
dispersion slope takes negative values, but the 
chromatic dispersion in this case is not less than 
-70 (ps/nm/km), and therefore, dispersion compen- 
sating fibers in this case cannot effect sufficient 
dispersion compensation. Further, if the diameter 
2Da of the core 3 is not more than 2.8 um and if 
the ratio (Da/Db) is 0.3, the dispersion slope takes 
negative values and the chromatic dispersion is not 
more than -70 (ps/nm/km). However, the bending 
toss Lbend at the wavelength 1 .55 um in this case is 
larger than 0.01 dB/m with the bending diameter 
(2R) of 40 mm, and therefore, by bending the 
dispersion compensating fiber, a compact element 
using the dispersion compensating fiber cannot be 
produced. 

If the diameter 2Da of the core 3 is between 
2.6 um and 5.0 um both inclusive and if the ratio 
(Da/Db) is 0.7. the dispersion slope takes positive 
values and sufficient dispersion compensation can- 
not be made. Further, if the diameter 2Da of the 
core is not more than 2.9 um, fibers have bending 
tosses Lbend thereof larger than 0.01 dS/m at the 
wavelength 1,55 um with the bending diameter 2R 
(where R is a radius of curvature of dispersion 
compensating fiber) being between 40 mm and 80 
mm both inclusive, and therefore, compact ele- 
ments using the dispersion compensating fibers 
cannot be produced by bending the dispersion 
compensating fibers. 

Fig. 5A shows a relation between the diameter 
2Da of the core 3 and the chromatic dispersion 
(ps/nm/km) with the parameter of the ratio (Da/Db) 
of the diameter 2Da of the core 3 to the outer 
diameter 2Db of the first cladding 1. Fig. 58 shows 
a relation between the diameter 2Da of the core 3 
and the dispersion slope, (ps/km/nm^) with the pa- 
rameter of the ratio (Da/Db) of the diameter 2Da of 
the core 3 to the outer diameter 2Db of the first 
cladding 1 . Here, the relative index difference A* of 



the core 3 is 2.0 % and the relative index dif- 
ference A~ of the first cladding 1 is 1.0 %. 

As apparent from Fig. 58. if the diameter 2Da 
of the core 3 is larger than 3 um but smaller than 4 

5 um and if the ratio (Da/Db) is between 0.4 and 0.6 
both inclusive, the dispersion slope takes negative 
values and the chromatic dispersion is smaller than 
-20 (ps/nm/km) but larger than -160 (ps/nm/km). 
Accordingly, if the diameter 2Da of the core 3 

10 is larger than 3 um but smaller than 4 um, if the 
ratio (Da/Db) is between 0.4 and 0.6 both inclusive, 
if the relative Index difference A"^ of the core 3 is 
2,0 %, and if the relative index difference A~ of the 
first cladding 1 is 1.0 %, at least one dispersion 

;5 compensating fiber can be produced with a chro- 
matic dispersion of not more than -70 (ps/nm/km) 
and with a negative dispersion slope (ps/km/nm^). 

When the bending diameter 2R of the disper- 
sion compensating fiber is 40 mm, the bending 

20 loss Lbend o\ the dispersion compensating fiber at 
the wavelength 1,55 um is not more than 0.01 
dB/m, and the bending loss Lbend o\ the dispersion 
compensating fiber at the wavelength 1.55 um with 
the bending diameter 2R being 80 mm is not more 

25 than 0.000001 dB/m. 

In summary, the dispersion compensating fiber 
has the bending loss Lbend thereof smaller than 
0.01 dS/m at the wavelength 1.55 um with the 
bending diameter 2R (where R is a radius of cur- 

30 vature of dispersion compensating fiber) being be- 
tween 40 mm and 80 mm both inclusive, and 
therefore, a compact elements using the dispersion 
compensating fiber cannot be produced by bend- 
ing the dispersion compensating fiber. 

35 When the ratio (Da/Db) is 0, that is, when the 

dispersion compensating fiber excludes the first 
cladding 1. the slope always takes positive values. 
Thus, dispersion compensating fibers without the 
first cladding 1 cannot compensate for the chro- 

40 matic dispersion in a wide wavelength region. 

As a comparative example. Fig. 14A and Fig. 
148 show relations of the chromatic dispersion and 
dispersion slope, respectively, to the diameter 2Da 
of the core 3 with the ratio (Da/Db) being 0.3 and 

45 0.7. Here, the relative index difference A"^ of the 
core 3 is 2.0 %, while the relative index difference 
A~ of the first cladding 1 is 1 %. 

As apparent from Fig. 14B, if the diameter 2Da 
of the core 3 is larger than 3.6 um and if the ratio 

50 (Da/Db) is 0.3. the dispersion slope takes positive 
values and dispersion compensating fibers therein 
cannot effect sufficient dispersion compensation. If 
the diameter 2Da of the core 3 is not more than 3.4 
um but larger than 3.2 um and if the ratio (Da/Db) 

55 is 0.3. the dispersion slope takes negative values. 
However, in this case, the chromatic dispersion is 
not less than -70 (ps/nm/km) as shown in Fig. 14A. 
and therefore, dispersion compensating fibers 
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therein are not suitable for practical application. 

If the diameter 2Da of the core 3 is not more 
than 3.2 um and if the ratio (Da/Db) is 0.3. with the 
bending diameter 2R of dispersion compensating 
fiber being 40 mm, the bending loss Lbend of dis- 
persion compensating fiber at the wavelength 1.55 
um is larger than 0.01 dB/m, and therefore, disper- 
sion compensating fibers therein are not suitable 
for practical use. 

If the diameter 2Da of the core 3' is between 
3.4 urn and 4.4 um both inclusive and if the ratio 
(Da/Db) is 0.7. the dispersion slope takes negative 
values. However, the chromatic dispersion in this 
case is not less than -70 (ps/nm/km) as shown in 
Fig. 14A, and dispersion compensating fibers 
therein cannot be used in practical application. 
Further, if the diameter 2Da of the core 3 is not 
more than 3.2 um and if the ratio (Da/Db) is 0.7, 
the bending loss Lt>end of dispersion compensating 
fiber at the wavelength 1.55 um with the bending 
diameter 2R of dispersion compensating fiber be- 
ing 40 mm is larger than 0.01 dB/m. and dispersion 
compensating fibers therein are not suitable for 
practical application. 

From the above results, the parameters of the 
dispersion compensating fiber according to the 
present embodiment satisfy the following relations: 

n1 < n2 < nc < n5, 
3 um < 2Da < 4 um, 
0.4 < (Da/Db) < 0.6, 
0.02 < = (nc - n2)/n2 < 0.03. 
0.004 < A" = (n2 - n1)/n2 < 0.01, 

40 mm ^ 2R S 80 mm. 
Lbend < 0.01 dB/m (2R = 40 mm). 

The dispersion compensating optical fiber ac- 
cording to the above embodiment was wound ar- 
ound a bobbin with diameter 60 mm, and the 
transmission loss thereof was measured at the 
wavelength 1.55 um. The transmission toss was 
0.45 to 1.5 dB/km, and the bending loss Lbend of 
light propagating in the bent dispersion compensat- 
ing fiber would around the bobbin was not more 
than 0.0001 dB/m. 

From the invention thus described, it will be 
obvious that the invention may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the inven- 
tion, and all such modifications as would be ob- 
vious to .one skilled in the art are intended to be 
included within the scope of the following claims. 

The basic Japanese Application No.51 680/1 994 
filed on March 23, 1994 is hereby incorporated by 
reference. 



Claims 

1. An optical transmission system having a dis- 
persion compensating optical fiber, wherein 

5 said dispersion compensating fiber comprises: 

(a) a core; 

(b) a first cladding surrounding the core; 
and 

(c) a second cladding surrounding the first 
70 cladding; 

and wherein said dispersion compensating 
fiber satisfies the following relations: 

n1 < n2 < nc, 
15 3 um < 2Da < 4 um, 

0.4 < (Da/Db) < 0.6, 
0.02 < (nc - n2)/n2 < 0.03. 
0.004 < (n2 - n1 )/n2 < 0.01. 

20 where 

nc is a refractive index of the core; 

n1 is a refractive index of the first cladding; 

n2 is a refractive index of the second cladding; 

Da is a diameter of the core; and 
25 Db is an outer diarheter of the first cladding. 

2. The system according to Claim 1, wherein said 
dispersion compensating fiber further com- 
prises a carbon film covering said second 

30 cladding in contact therewith and a resin film 

covering said carbon film in contact therewith, 
said resin film having a higher refractive index 
than the refractive index of said second clad- 
ding. 

35 

3. The system according to Claim 1, wherein said 
dispersion compensating fiber further com- 
prises a resin film covering said second clad- 
ding in contact therewith, said resin film having 

40 a higher refractive index than the refractive 

index of said second cladding. 

4. The system according to Claim 1. further com- 
prising a bobbin around which said dispersion 

45 compensating fiber is wound, said bobbin hav- 

ing a diameter of between 40 mm and 80 mm 
both inclusive; wherein a bending loss of said 
dispersion compensating fiber with a bending 
diameter of 40 mm is not more than 0.01 dB/m 

50 at the wavelength 1.55 um. 

5. The system according to Claim 1, wherein a 
bending loss of said dispersion compensating 
fiber with a bending diameter of 40 mm is 

55 smaller than 0.01 dB/m at the wavelength 1.55 

um. 
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8. 



The system according to Claim 1. which com- 
prises a light source, a single-mode optical 
fiber connected to the light source and having 
zero dispersion at a predetermined wavelength 
between 1290 nm and 1330 nm, and an er- 5 
bium-doped fiber connected to said single- 
mode optical fiber, 

wherein said dispersion compensating op- 
tical fiber is connected to said erbium-doped 
fiber. 10 

wherein said dispersion compensating op- 
tical fiber is wound around a bobbin having a 
diameter of between 40 mm and 80 mm both 
inclusive, and 

wherein a bending loss of said dispersion 15 
compensating fiber with a bending diameter of 
40 mm is not more than 0.01 dB/m at the 
wavelength 1.55 um. 

The system according to Claim 1 , wherein said 20 
dispersion compensating fiber satisfies the fol- 
lowing relation: 

0.024 X Dc < Da < 0.032 x Dc 

25 

where Dc is an outer diameter of the second 
cladding. 

The system according to Claim 1 , wherein said 
dispersion compensating fiber has a chromatic 30 
dispersion smaller than -70 ps/nm/km at the 
wavelength of 1.55 um. 



0.02 < (nc - n2)/n2 < 0.03, 
0.004 < (n2 - n1)/n2 < 0.01, 

where 

nc is a refractive index of the core: 
n1 is a refractive Index of the first cladding: 
n2 is a refractive index of the second clad- 
ding; 

Da is a diameter of the core; and 

Db is an outer diameter of the first cladding. 

10. The system according to Claim 9, wherein said 
dispersion compensating fiber further com- 
prises a resin film covering said second clad- 
ding in contact therewith, said resin film having 
a higher refractive index than the refractive 
index of said second cladding. 

11. The system according to Claim 9, wherein said 
dispersion compensating fiber satisfies the fol- 
lowing relation: 

0.024 X Dc < Da < 0.032 x Dc 

where Dc is an outer diameter of the second 
cladding. 



An optical transmission system comprising: 

(a) a light source; 

(b) a single-mode optical fiber connected to 
the light source and having zero dispersion 
at a predetermined wavelength between 
1290 nm and 1330 nm; 

(c) an erbium-doped fiber connected to said 
single-mode optical fiber; 

(d) A bobbin having a diameter of between 
40 mm and 80 mm both inclusive; 

(e) a dispersion compensating fiber con- 
nected to said erbium-doped fiber and 
wound around said bobbin, wherein a bend- 
ing loss thereof when wound around said 
bobbin is smaller than 0.01 dB/m at the 
wavelength 1.55 um, wherein said disper- 
sion compensating fiber has a core, a first 
cladding surrounding the core, and a sec- 
ond cladding surrounding the first cladding, 
and wherein the dispersion compensating 
fiber satisfies the following relations: 

n1 < n2 < nc. 
3 um < 2Da < 4 um. 
0.4 < (Da/Db) < 0,6. 
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